Rat poisoning should be considered in the differential diagnosis of a patient presenting with signs and symptoms of vitamin K deficiency without a more likely explanation. However, confirming this diagnosis may be difficult due to the varying sensitivities of available assays. A 40-year-old Caucasian woman presented to our hospital with chronic abdominal pain, hematuria, and a history of diarrhea of unknown etiology, despite an extensive work-up. Her laboratory evaluation results were consistent with vitamin K deficiency. Because she reported that she had not ingested warfarin, rat poisoning was suspected; however, the results of the first assay were negative. A second specimen was sent to another reference laboratory with a more sensitive assay, and the diagnosis of brodifacoum poisoning was confirmed. The patient was treated with oral vitamin K. If a patient presents with unexplained signs and symptoms of vitamin K deficiency, toxicological evaluation should be performed and repeat testing may be warranted, depending on the sensitivity of the original testing method.
Clinical History
A 40-year-old Caucasian woman presented to the hospital, having had persistent abdominal pain and diarrhea with no clear etiology for the previous 2 years. She had tried a gluten-free and dairy-free diet, antibiotics, mesalamine, and corticosteroids, without relief. In the 2 years before admission, she had undergone repeated endoscopic procedures, a cholecystectomy, and an exploratory laparotomy without satisfactory elucidation of the cause of her abdominal pain. On presentation, the patient had hematuria and anemia, with a hemoglobin level of 11 g per dL (mean corpuscular volume [MCV] , 94 fL/cell and mean cell hemoglobin concentration [MCHC] , 34 g/dL). Her platelet count was 224,000 per μL. During her stay, laboratory test results revealed she had a coagulopathy. The results of a mixing study showed full correction, and the factor levels are presented in Table 1 , which are consistent with a vitamin K deficiency, despite no history of warfarin prescription or malabsorption. The patient admitted to possible rat-poison ingestion and did not comment on the possibility of accidental ingestion. A serum rat-poison panel was requested to be performed at a reference laboratory via liquid chromatography/tandem mass spectrometry. The test results were negative (<100 ng/mL), with the limit of detection reported as 100 ng per mL. This result surprised us, based on the suspicions mentioned earlier herein.
As a result, the Pathology team decided to send another serum specimen, which was an aliquot of the one sent to the first laboratory, for testing at a different reference laboratory. This time, the qualitative result was positive for brodifacoum (a quantitative result was not included), with the limit of detection reported as 10 ng per mL, a 10-fold lower limit of detection than that of the first reference laboratory.
The Psychiatry service was consulted to evaluate for possible factitious disorder and for treatment recommendations for moderate depression, which were given. After cessation of the hematuria, the patient was discharged with instructions per the Hematology service to continue taking oral vitamin K, 10 milligrams daily, with follow-up scheduled at an outside facility. It was concluded that the diarrhea she had been experiencing may represent diarrhea-predominant irritable bowel syndrome. We have not seen her at our institution since she was discharged.
Discussion and Laboratory Role in Diagnosis
In laboratory testing, brodifacoum poisoning presents in a form similar to vitamin K deficiency, with or without clinical bleeding. [1] [2] [3] [4] [5] [6] [7] [8] The differential diagnosis for vitamin K deficiency includes malabsorption, recent broad-spectrum antibiotic use (from destruction of gut bacteria that produces vitamin K), ingestion of a vitamin K antagonist, and a hereditary deficiency. 4 If ingestion of a vitamin K antagonist is suspected, it is pertinent to consider whether the agent was a short-or long-acting coumarin or indandione ( Patients who present with bleeding, especially disproportionate to the level of the injury sustained, with elevated PT and PTT, no signs of disseminated intravascular coagulation, and with no factor inhibitor as the cause, should be investigated for the possibility of rat poisoning. In fact, as low as 4 ng per mL of brodifacoum has been detected in the serum of a patient who was found to have ingested the toxin. 6 Social services and/or law enforcement agencies should get involved, to evaluate for abuse and intentional poisoning, if it is considered a possibility.
Failure to consider this diagnosis or the discharge of a patient without a thorough investigation (even if a test must be repeated) for rat poisoning, if suspected, may be considered a failure to establish an accurate and timely diagnosis. In an attempt to learn from this near-miss and to reduce errors in the future, we reviewed the recommendations published in 2015 by an expert committee assembled by the National Academies of Sciences, Engineering, and Medicine that proposed recommendations to improve diagnosis. 32 The authors of this case report believe that this case demonstrates key decisions that were made to resolve the underlying cause.
Without investigation, the correct diagnosis of our patient could have been missed. A challenging evaluation reinforces the importance of toxicology in the differential report and of repeating laboratory tests with unexpected results. One should consider the limit of detection of the assay used to confirm a diagnosis of rat poisoning when high suspicion of the diagnosis exists. 
Conclusion
The incidence of rat poisoning is low, and detection is affected by clinical suspicion and the limit of detection of the laboratory. Providers seeking to effectively diagnose and treat patients with this disorder must consider that the limit of detection could be too high, even in reference laboratories, for these poisons. With this realization in mind, they must work together with their laboratory colleagues to problem solve, even if it means repeating the test at a different laboratory facility. Patients who have ingested rat poison should be followed up by the Hematology department (and the Psychiatry department if the ingestion was intentional) for recommendations on daily vitamin K replacement until their coagulation study results normalize, which could be months from the time of ingestion. LM 
